Anthocyanins and other flavonoids were isolated from the flowers of eleven Centaurea species, C. macrocephala, C. rupestotilis and C. suaveolens, which produce yellow flowers, and C. achtarovii, C. dealbata, C. montana, C. nigra, C. scabiosa, C. simplicicaulis, C. hypoleuca and C. triumfetti, which have cyanic flowers. Four anthocyanins, cyanidin 3,5-di-O-glucoside, cyanidin 3-O-(6´´-malonylglucoside)-5-O-glucoside, cyanidin 3-O-(6´´-succinylglucoside)-5-O-glucoside and cyanidin glycoside, were detected in the cyanic flowers of seven Centaurea species. Of these anthocyanins, the first two were found as major anthocyanins. In the cyanic species, four other flavonoids, apigenin 7-O-glucuronide-4´-O-glucoside, malonylated apigenin 7,4´-di-O-glucoside, apigenin 7-Oglucuronide and kaempferol glycoside, were also isolated. On the other hand, nine flavonols and four flavones were isolated from the three yellow-flowered species, and identified as quercetagetin, quercetagetin 7-O-glucoside, quercetagetin 3´-methyl ether 7-O-glucoside, patuletin, patuletin 7-O-glucoside, quercetin 7-O-glucoside, kaempferol 3-methyl ether, kaempferol 3-methyl ether 4´-O-glucuronide and isorhamnetin 3-O-galactoside, and apigenin, apigenin 7-O-glucuronide, luteolin 7-O-glucoside and apigenin 6,8-di-C-glucoside (vicenin-2). Of these flavonoids, the former five flavonols are "yellow flavonols", and it was shown that their flower colors are due to these compounds.
The genus Centaurea, family Asteraceae, consists of ca. 500 species, and is distributed in Europe, tropical Africa, North America and Australia [1] . Flower anthocyanins have been reported in some Centaurea species, e.g. C. cyanus, C. lugdunensis, C. micranthos, C. pannonica, C. sadlerana and C. spinulosa, and cyanidin 3,5-di-O-glucoside, 3-O-glucoside and 3-O-(6´´-succinylglucoside)-5-Oglucoside were identified [2] . On the other hand, some flavones and flavonols, e.g. apigenin, chrysoeriol, luteolin 7-O-glucoside, nepetin, nepetin 7-O-glucoside, patuletin, patuletin 7-O-glucoside, orientin, quercetin, quercetin 3-O-glucoside, scutellarein 7-Oglucuronide and axillarin 7-O-glucoside, have been found in the flowers of C. aspera, C. collina, C. dealbata, C. depressa, C. floccosa, C. jacea, C. melitensis, C. nervosa, C. phrygia, C. scabiosa and C. solstitialis [3] . In C. cyanus, a blue pigment complex was found and named as 'protocyanin'. Its composition has been surveyed for a long time. However, its precise structure was not entirely explained. Recently, it was shown that the flavonoid compounds in protocyanin are an anthocyanin, cyanidin 3-O-(6´´-succinylglucoside)-5-O-glucoside and a flavone, apigenin 7-O-glucuronide-4´-O-(6´´-malonylglucoside) [4] . Though the presence of metal ions, Fe and Mg, was also reported for protocyanin [4c, 4d], more recently, the presence of an additional Ca ion was found by X-ray crystallographic analysis by Takeda and co-workers [4a, 4b] . Thus, it was proved that protocyanin is a metal complex of six molecules each of anthocyanin and flavone glycoside, with one ferric, one magnesium and two calcium ions [4a] .
In this survey, anthocyanins and other flavonoids were isolated and identified from the yellow and cyanic flowers of eleven Centaurea species, C. macrocephala, C. rupestotilis and C. suaveolens, which produce yellow flowers, and C. achtarovii, C. dealbata, C. montana, C. nigra, C. scabiosa, C. simplicicaulis, C. hypoleuca and C. triumfetti, which have cyanic flowers.
Flavonoids in the yellow flowers of three Centaurea species: Six flavonols and a C-glycosylflavone were isolated from the yellow flowers of three Centaurea species. They were identified as quercetagetin (1) (Figure 1 ), quercetagetin 7-O-glucoside (2), quercetagetin 3´-methyl ether 7-O-glucoside (3), patuletin (4) ( Figure 1 ), patuletin 7-O-glucoside (5), quercetin 7-O-glucoside (quercimeritrin, 6) and apigenin 6,8-di-C-glucoside (vicenin-2, 7) from UV spectral data according to Mabry et al. [5] , acid hydrolysis, LC-MS, and TLC and HPLC comparisons with authentic samples. The distribution of flavonoids in the three Centaurea species which produce yellow flowers is shown in Table 1 . Of their flavonoids, 2 and 5 were found as major pigments of C. macrocephala and C. suaveolens, and C. rupestotilis, respectively. Six and/or 8-hydroxylated flavonols, such as quercetagetin and patuletin glycosides, are shown to act as yellow flower pigments [6] . In Centaurea species, 2 and 5 have been isolated as major pigments from the yellow flowers of C. ruthenica, together with other flavonols, 6-hydroxykaempferol, axillarin, jaceosidin and their 7-O-glycosides [7] . Thus, it was clear that the yellow flowers of these Centaurea species are due to yellow flavonols such as (Table 2) . Instead, apigenin 7-Oglucuronide (14) was detected in all species as the major compound. [11] , apigenin 7-O-glucuronide from Saussurea daurica (Asteraceae) [12] , apigenin from the pubescence of Glycine max (Leguminosae) [13] , quercetagetin and patuletin, and their 7-Oglucosides from the flowers of C. ruthenica [7] , and vicenin-2 from Asplenium normale (Aspleniaceae) [14] . 
